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September 27, 1976 
E 
| Mr. William Fields 
ks Building 42-2C 
| General Electric Company — 
100 Woodlawn Avenue 
Pittsfield, Massachussets 01201 
Dear Bill: 
| In dschceance wich our telephone conversation this paat 
| | wesk: I would appreciate your giving us a quotation. on making up 
| | noninductive resistor earde for use ade our — generator, as a2 | 
Be eg eee _ follows: oP, oS oN 
Number oa Bs | 
Ee ak Se » 69 
: 25 125 
25 200 
| 25 £30 
| 10 ks 
: ie We have found that wire wound on a fiberglass saterial is. 
| quite satisfactory and does’ resist breakage to a considerable degree. 
E ae as | ee ee . t ea eciantes | a “aueeck #U-SK12-5-75. FeV, which shows the = 
be s | _ dimensions: of the cards: we need. | . 
ee | Fieane oe me if you have any questions on Dial Comm: 
| : Mare. Thank you for your cooperation. 


a truly yours, 


-F. C. Vose ee 
oo es | Pe ey 28 aes Mince ich Voltsce 
Ee | es | 7 | | | : . Laboratory 


-FCV/lan 
enclosure 


% " 


SWITCHING SURGE CIRCUIT FOR LOCKE 


ine Gircuit for switching. impulse testing is a modified. 
iMightning impulse testing circuit, as shown in Fig. 2. 
Salient modifications are: 


@e The tail resistance Rg and the resistance divider Rg 
are removed from the circuit. The long switching 
impulse tail is then formed by allowing the generator 
to discharge through the charging resistors Roc. 


@® The series resistance Rg iS increased to produce the 
desired time to crest. 


@e The load capacitor Cy should be of. the order of 1000 pF 
so that the series resistance does not become abnormally 
large. | 


@ The load capacitor is used to form a capacitance voltage 
divider by connecting a low voltage, high capacitance 
capacitor between its lower end and ground. 


@e The load capacitor retains some charge following a 
Switching impulse because the output gap of the generator 
stops conducting before the generator and Cy, are completely 
discharged. This retained charge will cause the measure- 
ment of voltage on the next impulse to be somewhat in- 
correct. To circumvent this effect, bleeder resistors are 

connected in parallel with the load capacitors. 


Load Capacitors (C,) 


It is recommended that this be made up of (5) 138 kV coupling 
capacitors, Cat. No. 4CW35C5. Stacked in series, these will 
‘Rave a capacitance of about 1020 pF and an internal switching 
impulse strength of greater than 2400 kV. Each capacitor is 
52-1/4 inches tall; therefore the height of the stack will be 
261 inches. The stack will be mounted on an insulator of 
about one foot high similar to the arrangement Of the presente 
RIV capacitor stack. The positive polarity critical flashover 
voltage will be 1600 to 1700 kV. This could be increased to 


@ 105 a | . 


about 2000kKV by mounting the stack on a pedestal 7 fe. hagn- 
However, the strike distance from the impulse generator to 
@he wall is 19.2<ft. and: to. the root: girders, 19.4 fo ne 
positive polarity CFO for these distances is about 1400 to 
1500 kV, so there would be no advantage to putting the Cy, 
ona pedestal. 


On negative polarity it will be possible to work up to 2400 kV. 


Series Resistance (Rg) 


The standard switching impulse has a front of 250 z 390 us and 
a tail of 2500 = 1500 ms. 


With the proposed C,, of 1020 pF, a series resistance of 50 
kilo-ohms ws required towoneduce the 250 us front. This will 
consist of (50)-2000 ohm “ERC resistors, Type RW11(175W). These 
resistors will operate satisfactorily at 50 kV so that 50 

Will be adequate tor 2500 kVz.; It is proposed that 40 be 
installed in the. generator and 10 external to the generator. 


The resistors have ferrules so that they can be snapped into 
fuse clips, like the present charging resistors. They are 
slightly shorter (9.5") than the present lightning impulse 
Gards. It is suggested that fuse clips like those used for 
the charging resistors be installed in such a way that the 
Switching impulse resistors and lightning impulse resistors 
can both be in place during lightning impulse tests and the 
latter be removed for switching impulse tests. 


‘The (10) external ‘resistors will be slipped onto a nylon or 
polypropylene rope. The rope is stretched and clamps attached 
to the rope at both ends. This keeps the ferrules in contact. 
Connection leads are attached to the ferrules at either end 

@f the (10) resistors.” The external resistors will be sus- 
pended from the impulse generator as the lightning impulse 
resistor now is. 


Charging Resistors (R<,) 


The present charging resistors are 5 kilo-ohms. They will need 
to be increased to 15 kilo-ohms in order to obtain a tail of 
2500 to 3000 us. 


Capacitance Voltage Divider. (Cj, and .€5) 


mae C, capacitor in Figure 1 is used. to control the ratio 

Of ‘the capacitance divider. It is propesed to establish ratios 
Of approximately 8000, 5000, 3000, 2000, 1200. These will be 
used in the following manner. 


A precision DC voltage supply will be used to provide a bias 
to the vertical deflection plates of the oscilloscope. This 
can be used to make accurate visual measurements of the 
voltage without taking oscillograms. For example, if the 
expected input voltage to the deflection plates is +450 volts, 
the bias is set to -450 volts. The operator then observes 
where the crest of the impulse is with respect to the zero 
line of the oscilloscope: ~ it at coincides with the’ zero line, 
the impulse deflection @o 450 volts. If it is 0.1 division 
low, the voltage is 450 - (0.1 x 50) or 445 volts. Reading 
accuracies of approximately 1% can be achieved. 


When oscillograms are required, a lower input voltage and 

a lower bias voltage are used. The input voltage in this 
case will usually be in the range of 200 to 300 volts and 
phe bias voleage un tee range of 100 to 200 volts. “in this 
case the internal bias can also be used in place of the 
external DC supply. The divider ratios will be used as shown 
below. | 


Visual Reading Oscillograms | 
Test : Oseil. Input Oscal. input 
kV Ratio UVoltage Ratio Voltage 
2400 5000 480 8000. 300 
to to to 
1500 300 188 
1500 3000 500 : 5000 300 
to to to 
900 300 180 
900 2000 7 450 3000 300 
EOL) 3 to to 
600 300 200 
600 1200 500 2000. 300 
to | to to 


400 330 200 


Co Capacitor 


The ratio of a capacitance divider is 
Ratio c=) Gl 002 
| Cy 
and where Co S$ Cy 
2 
= 


Ratio 


tie exace value Of C, will have to be determined after the 
Capacitors have been acquired. It should be close to 1020 pF. 
Using this value, the Cy capacitances will be: 


Ratio ©2 (uF) 

8000 6-16 (5&3 in parallel) 
5000 5 AL 

3000 3.06 

2000 2.04 

1200 : P22 


mee €> Capacitors are mounted in a‘ 3" x 4"°x 5" minibox as 
Shown in photographs 1 and 2 and Figure 2. The parts are as 
follows: 

ie. Capacitors 

BD Bleeder Resistor 

3. Banana Plug Receptacle - Insulated 

4. Banana Plug Receptable - Grounded 

5. Lead to Amphenol Connectors 

6. Ground Collector Ring 

Ike “nabs Of Col lector Ring 


8. Amphenol Female Connector 


Oo. 174 = 20 Bolts and Nuts 


The connection from Cj to Cj is made via the insulated banana 
plug receptacle, item 3. The connection to ground is made 

via the 1/4-20 bolt and nut, item 9. The capacitors, several 

in parallel, are arranged in a circular bundle, item l. At 

one end, their leads are connected together and then connected 
to the insulated banana plug and also to the Amphenol connection 
via a wire that runs centrally through the cluster of capacitors. 
A 200 kilo-ohm, one-watt resistor is connected from the insu- 
lated banana plug connection to the grounded banana plug. [In 
the photograph a toggle switch is shown in series with this 
resistor. The switch is used to disconnect the resistor when 
the divider is used to measure sixty-hertz voltages. 


Dae ground collector ring can’be made from a short length of 
1-1/2" copper tubing, one end of which is sawed and formed 
into supporting feet which are bolted to the minibox with the 
W/O) bOLES., 


Mews we €> will be obtained by using the 5 and 3 uF units 
in parallel. Both will be connected to the bottom end of 

the C,; and the deflection cable will be connected to the 5 uF 
Unde: : 


leedor hestetors (R;) For Load Capacitors 


These resitors are shown in photograph 3. They are made up of 

a number of 680 kilo ohm, 2 watt carbon resistors. The resistors 
are mounted in a zigzag pattern on a strip of insulating material 
2-1/2" wide and the height of one capacitor in length. Holes 

are drilled 1/4" in from the edge and spaced so as to give a 
Ditech of I-1/2" to the zigzag. Connection pins are placed in 

the holes and the resistors soldered into place. 


Since the capacitors are 52-1/4 inches tall, the number of 
GBesSUStOrs per capacitor will be about 50/0:75 or 67... Bhe. end 
plates of the capacitors are drilled and tapped to support the 
strips and make electrical connections. 


Precision DC Power Supply 


Mate as) a Fluke 4123 power supply rated 2100 volts, 30 mill- 
amperes. This is more voltage than needed but they have dis- 
continued the lower voltage units. 


The power supply will be connected to the binding post, atthe 
top rear of the 507 oscilloscope and the Position Mode knob 
will be turned to External. 


Oscilloscope 

When testing, the attenuator switch on the 507 scope must be 

in the direct position in order to disconnect the 75 ohm 
terminating impedance. No ratio adjustments can be made at the 
oscilloscope. Sweep speeds for switching surge waves are 
boualily selected: as; 50 1s/em or 100 us/cem for viewing the 

front and 200 or 500 ps/cem for: viewing the tail. For reading 
the crest of wave, 100 ys/cm is a good compromise. 
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COSTS 


Load Capacitor (Cy) 


(5) “GE Cat..No.. 4G€W35¢5, coupling 
Capacitors @ $1381. S26.,°9.05 


Delivery 10-12 weeks 


Series Resistance (Rg) 


(50 + 20 spare) =1000%ohm ire  - 
resistors Type RW11(175 watts) 


@ S425; ets S)o 

Delivery 6-8 weeks. 

Add mounting clips in generator In House 
S72 03 


Charging Resistors (R.,) 


(1244526; separes) 15000 ohm IRC 
resistors, Type RW11(175 watts) 
@ S475 fa 


Delivery 6-8 weeks 


71.3 


Co Capacitors 


o ME and, Ss ur units 


(8 + 2 spares) 1 AF, 600 volts 
Sprague Type l61P Black Beauty 
Gapacitors .@.S2.00 20 


2 mE unites 


(4° +1 spare) 1025 mE, 6002volts 
Sprague Type 161 P Black 
Beauty Capacitors .@,$1.50 8 


Lo2 WE Ui ate 

(6 + 1 spare) 0.2 mF, 600 volts 
Sprague Type 161 P Black 
Beauty capacitors @ $1.00 


(4 + 2 spares) 200 kilo ohms 
(1 watt) Bleeder Resistors 


(4 + 1 spare) Insulated Banana Plug 
Plug Receptacle 


(4 + 1 spare) Grounded Banana Plug 
Receptacle 


(4 + 1 spare) chassis mounted Amphenol 
(4) Female Connectors UHF 83-1R 
Miniboxes 


Miscellaneous Hardware 


Bleeder Resistors (Ry) 


(335 + 65 spares) 680 kilo ohms, 
2 watt: carbon resistors (10% tolerance 


Insulating strips 
Connection pins 
Miscellaneous hardware 


Precision DC Power Supply 


(1) Fluke 412B DC power supply 
2160 volts, 30 milliamperes 


Delivery 2 weeks 


20 


29 


400 


745 


Where to order major items . 


load: Capacitor (C7) 


General Electric Co. 
Lynchburg, Va. 


Can contact Bob Aideldinger’ - 8-272-2418 


Series Resistors and Charging Resistors 


IRC Boone Division 
Greenway Rd. 

P.O. Box: 398 
Boone, N. C. 28607 


Tel. (704) 264-8861 


C5 Capacitors 


Sprague Electric Co. 
North Adams, Mass. 


Precision DC Power Supply 


John Fluke. Mig. €Co.; Ine. 
P30. Box 43210 

Mount Lake Terrace 
Washington, D. C. 98043 


Pel. (206) (774-2211 
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Oe LOCKE INSULATORS, INC. 
GV | 2525 INSULATOR DRIVE 
pete | BALTIMORE, MARYLAND 21230 
Be V al Phone (301) 752-8020 
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oes Sampie Of Six more strings shall be tested. If any Strinc of 
the second samle fails, the design shall be rejected, | 
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Seat tel Sitchiss Imulse Tests.» Insulators fron the first lot 
snala oe subjected te switching impuise tests. The tests shaii be 
perzerced On the insuistor Strings specified in 3-5.2 in accordance with 

“o preecdures specified below to determine the critical-impuise fiash- : 
Over Voltage: : 4 


° 


S-3..1.1) 1 (Egen Semaine Of ansulators shall pe subject to switehia: 

dimpulses under both ér* and wet conditions with a positive polarity 4 
150/2500 wave. Switching impulse tests shall be performed in accordance [ 
“81th tie applicable-rracedures of ANSI G29.1.-C68.1, and GGs.2. Oscille- oe 
Sraphic records shall be furnished as part of the test report. Failure oo 

Or the averace criticzi-impulse flashover value of the strings to equal MH 

or exceed 92 percent cf the rated critical-impulse flashover value ! 


specified in 5-5.2 shail constitute failure to meet the requirezents of 
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“ne switching imnulse tests. 
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AUTHORIZATION AND EXPENDITURE RECORD 


Ge. acct wo. -229-3/0-01 | ROTHOG TNO) 0 202-370-01 
DATE ISSUED —Sept. 3.1976 : EST. COST: MATERIAL 


LABOR 


DATE COMPLETED : 
OUTSIDE EXPENDITURE 


REMARKS Development Atthorization 
"PLEASE AUTHORIZE THE FOLLOWING: (SHOW IN BODY COMPLETE DETAIL OF EXPENDITURE AND WORK TO BE DONE) 


PLEASE DO THE FOLLOWING WORK: 


: This authorization is written to cover the cost of Consultation 
service of Mr. Al Rolphs, General Electric Co., Pittsfield, Massachusetts, 


and associated travel costs from Pittsfield to Baltimore and return. 


The consultation and associated services are for the purpose 
of establishing the capability of making Switching Surge Tests in the 
High Voltage Laboratory in Baltimore. 
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AUTHORIZATION AND EXPENDITURE RECORD 
cc. acct.No. 224 Becey/ | AUTHORIZATION No. ——/68 


Oct a. 1 LOT6 
DATE ISSUED — eee eS EST. COST: MATERIAL 
DATE COMPLETED __Vecember, 1976 LABOR 


OUTSIDE EXPENDITURE 


sence SCXD ENDTK MXIT AD $3) 5,0 
Progeam #98 Succes aE | . SR 10% Contingency 375 
S4 125 


PLEASE AUTHORIZE THE FOLLOWING: (SHOW IN BODY COMPLETE DETAIL OF EXPENDITURE AND WORK TO BE = DONE) 


PLEASE DO THE FOLLOWING WORK: 


Funds are requested to purchase the required material and have fabricated 
certain special components to give the High Voltage Laboratory the equipment 
to make Switching Surge tests. 


Cost Analysis 


Item Investment Expense. Total 
Series Resistors -- 325 325 
Charging Resistors == Hi2 5 eS 
Bleeder Resistors =- 400 400 
Capacitors and Hardware 2S 200 200 
Miscellaneous Hardware == 500 500 
Labor for Making Capacitor 
Boxes & Resistor Banks -- 800 800 
Do Caveower Supply 800 —— 
SubTotals 800 D950 38750 
Os Contingency 80 295 275 
Totals 880 3° 245 4.125 
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OUTSIDE EXPENDITURE 


, REMARKS : Sis). 7/510) 
Progceam 98 ee if XRSFAK 10% Contingenc 375 
; SA 125 


SSNS eee eer —_. 
PLEASE AUTHORIZE THE FOLLOWING: (SHOW IN BODY COMPLETE DETAIL OF EXPENDITURE AND WORK TO BE DONE 
PLEASE DO THE FOLLOWING WORK: 


| Funds are requested to purchase the required material and have fabricated 
! certain special components to give the High Voltage Laboratory the equipment 
to make Switching Surge tests. 


Cost Analysis 


Item : Investment Expense Total 
Series Resistors =o 325 B25 
Charging Resistors re IPAS. P29 
Bleeder Resistors 3 = 400 en 0N0) 
Capacitors and Hardware -— 200 200 
Miscellaneous Hardware -- 500 500 
Labor for Making Capacitor 
Boxes & Resistor Banks —— 800 800 
DeCo Power Supply 800 ae 
SubTotals 800 2° 950 325750 
10% Contingency | 80 295 375 
Totals 880 | 3.245 45125 
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Snati oe subjected tc switching impulse tests. The tests shali be 
perferned on the insulator strings specified in 3-5.2 in accordance Vaiss 
the preeedures specified below to determine the critical-impulse fiash- 
Over Voltage. 
o-5.1.11.) Each string of insulators shall? be SUDTCCE GO Sia elise 
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GENERAL@Q) ELECTRIC  —=—(|_rransronwer anv 


DISTRIBUTION 
EQUIPMENT 


GENERAL ELECTRIC COMPANY, 100 WOODLAWN AVE., PITTSFIELD, MASS. 01201 BUSINESS DIVISION 


Phone (413) 494.3577. 
(EXT.) 


August 12, 1976 


Mrs Bi JC a Vosie 

Locke Insulators, Inc. 
2525 Insulator Drive 
Baltimore, Md. 21230 


Dear Fred: 


John Anderson has asked me to reply to your request 
for someone from the High Voltage Laboratory to help 
you get set up for switching surge testing... That 
person will be either Fred Turner or me. 


I estimate that it will cost $2000 plus the cost of 
one or possibly two trips to Baltimore. The first 
trip would be to get familiar with your laboratory. 
The second trip might be needed to assist in the 
final set up. I would anticipate that one day would 
be spent in Baltimore on each trip. The rest of the 
time would be spent in Pittsfield preparing specifi- 
cations and sketches for the additional equipment you 
will need. 


Sincerely yours, 


Ate 
“RR. F. Rohlfs 


cc: JG Anderson me Wee ee 
EC Momnie raat oe 3 
EC Schrom 
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FJ Turner / Bos J 
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GENERAL ELECTRIC COMPANY, 100 WOODLAWN AVE., PITTSFIELD, MASS. 01201 


o. A E LE CT a ; C TRANSFORMER AND 


DISTRIBUTION 
EQUIPMENT 


BUSINESS DIVISION 


Phone (413) 494.3577. 
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August 12, 1976 


Mr. F. C. Vose 

Locke Insulators, Inc. 
2525 Insulator Drive 
Baltimore, Md. 21230 


Dear Fred: 


John Anderson has asked me to reply to your request 
for someone from the High Voltage Laboratory to help 
you get set up for Switching surge testing. That 
person will be either Fred Turner or me. 


I estimate that it will cost $2000 plus the cost of 
One Or possibly two trips to Baltimore. The first 
trip would be to get familiar with your laboratory. 
The second trip might be needed to assist in the 
final set up. I would anticipate that one day would 
be spent in Baltimore on each trip. The rest of the 
time would be Spent in Pittsfield preparing specifi- 
cations and sketches for the additional equipment you 
Will need. : 


Sincerely yours, 


ge 


cc: JG Anderson 
EC Momnie 
EC Schrom 
FJ Turner 


= 
2 


Z 
: 


ccc aaa ad net 


‘Seta neptnncecoe meine acatatnaae tenaaenae a eae ra tNa eRe oR aOR Oe ooNeoneaneEaaSoReHONRHEE: 


November 5, 1975 


a pale Wisetrunice: 


1354 Twenty-eighth Avenue _ 
Copeman, Nebraska no 68601 


Gentlemen: 


We are interested in purchasing noninductive chee 
resistors for use with circuitory on impulse generators, and 
we understand you manufacture these. items. We would, there-— 
fore, appreciate receiving a catalog, or other descriptive — 


literature, together with pricing on these items. 


Very truly yours; | | 


Pred C. Vose Se 
Manager-High Voltage tare 
: Laboratory 


Movember 5, 1975 


Ohmite Manufacturing Monee | 
3604 Howood Street ee 
Pekar Illinois 60076 


Gentlemen: : 
We are interested in purchasing ecuinanctian ecard 


"resistors for use with circuitory on impulse generators, and _ 
We would, there- 


| “we understand you manufacture these items. 
fore, appreciate receiving a catalog, or other descriptive 
literature, together with pricing on these items. = 
‘Very truly yours, 
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November 5, 1975 


‘Eastern Precision Resistor Division 
Cardwell Condense Corporation 
Lindenhurst, New York 11757 


: Gentlemen 2 

We are interested in purchasing noninductive card 

resistors for use with circuitory on impulse generators , and 
we understand you manufacture these items. ‘We would, there- 


fore, appreciate receiving a catalog, or other descriptive 


literature, together with pricing on these’ items. 


‘veny k2hly youts, 


Fred C. Vose 
Manager-High Voltage 
_ Laboratory — 
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